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Germlings of Botrytis cinerea, an important fungal pathogen of plants, produce an extracellular matrix (ECM), or
ensheathing film, that serves, in part, in their attachment (R. P. Doss, et al., Appl. Environ. Microbiol. 61:
260-265, 1995). The composition of this film has been ascertained by using samples obtained by growing germ-
lings on a glass surface, removing the fungal mycelium by vigorous washing, and collecting the tightly attached
film by scraping the substratum with a razor blade. Slightly over half of the dry weight of the ECM was found
to be carbohydrates (about 20%), proteins (about 28%), and lipids (about 6%). Hydrolysis of the carbohydrate
portion of the ECM revealed that glucose was the most prominent monosaccharide present, comprising about
60% of the total monosaccharides. Also present were mannose (about 35%) and myo-inositol (about 5%). The
proteinaceous fraction of the ECM was made up of a number of polypeptides separable by polyacrylamide gel
electrophoresis. The lipid fraction of the ECM, analyzed by thin-layer chromatography, was made up of several
simple lipid components, including free fatty acid, mono- and triacylglycerol, wax ester, fatty alcohol, and
several unidentified components. No complex lipids were detected. Isolated ECM exhibited polygalacturonase
and laccase activity and was able to catalyze the hydrolysis of p-nitrophenyl butyrate, a model substrate for
assessing cutinase activity. Cellulase, pectin lyase, and pectin methyl esterase activities were noted with both

heated and unheated ECM preparations. Proteinase activity was not detected.

Botrytis cinerea Pers:Fr., a deuteromycete (Hyphomycete)
fungus, is an important plant pathogen with an exceptionally
broad host range (16). Conidia of B. cinerea, the primary in-
oculum source, first attach to substrata by a hydrophobic in-
teraction that is easily disrupted and then, upon germination,
attach strongly through secretion of an extracellular matrix
(ECM) (7, 8). The ECM, also referred to as an ensheathing
film or fungal sheath, is secreted by germ tubes and appressoria
but not by the conidia themselves (8). The ECM is very resis-
tant to removal from various substrata, brief exposure to a
solution of strong base being the only known chemical treat-
ment that can cause detachment of germlings (8).

The results described in this report were obtained from work
undertaken to learn more about the chemical composition
and enzymatic activity of the ECM secreted by germlings of
B. cinerea. Assays for enzymatic activity focused on enzymes
thought to be important in the infection process, defined by
Nicholson and Kunoh (27) as “events that occur immediately
after the pathogen comes into contact with the host and con-
tinue through the time of penetration.” Mendgen et al. (24)
have emphasized the importance of examining enzymes pro-
duced by the pathogen during penetration, rather than those
secreted into a culture medium.

MATERIALS AND METHODS

Fungal culture. An isolate of B. cinerea (Bc-1) used in earlier studies was
cultured on potato dextrose agar (Difco) as described previously (7, 8). Conidial
suspensions were prepared in 0.1X potato dextrose broth (Difco).
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Preparation of ECM. ECM preparations were obtained by inoculating 5- by
7.5-cm glass microscope slides with 1.5-ml aliquots of conidial suspension (about
10° conidia per ml). Slides with suspensions were incubated at 20°C and 100%
relative humidity for 72 h. In most cases, sets of 18 slides were inoculated and
incubated.

After incubation, the conidia and germ tubes were dislodged by directing a
stream of water through a Pasteur pipette onto the surface of the slides (8).
Washed slides were examined with a microscope equipped with interference
contrast optics to make sure that no fungal tissue remained (Fig. 1) and stored
in double-deionized water until several were accumulated. ECM was recovered
by scraping the slides with a razor blade. Collected ECM and a small volume of
accompanying water were then drawn from the edge of the razor blade into a
plastic pipette tip by capillary action and transferred into a microcentrifuge tube.
At no time during the collection process were the ECM preparations allowed to
dry.
When ECM samples were to be used for enzyme assays, they were kept on ice
during the entire collection process except during the washing step. Chemical
composition was ascertained with ECM that had been dried in vacuo. In cases
where analysis for lipids was to be carried out, the vacuum was broken with
nitrogen gas, and dried ECM was stored at —20°C under nitrogen. All weighings
of dried ECM preparations were done with a Cahn C-31 microbalance.

Estimation of ECM composition. Total carbohydrate in dried ECM was esti-
mated by the phenol procedure of Dubois et al. (9) with a glucose standard.
Protein was determined by the Lowry method (22) with a bovine serum albumin
standard, and total lipid was estimated by measuring the weight loss of a pro-
teinase-treated and washed ECM preparation after extraction with chloroform-
methanol (2:1, vol/vol). Finally, an assay for total phenolics was carried out by the
method of Singleton and Rossi (35) with gallic acid used as a standard.

Monosaccharides present in an acid hydrolysate of the carbohydrate portion of
the ECM were identified by gas chromatography of alditol acetates (1) on a
packed column of 3% SP2340 on 100/120-mesh Supelcoport. The ratios of lipid
classes present in the chloroform-methanol extract of the ECM were determined
by thin-layer chromatography (TLC) (4). A two-dimensional system was used
initially to detect and separate the components in the total lipid extract. This
system employed Whatman KG6F silica gel plates with a first-dimension solvent
system consisting of chloroform-methanol-7 M NH,OH (65:30:4, vol/vol/vol)
and a second-dimension solvent system consisting of chloroform-methanol-acetic
acid-water (170:25:25:6, vol/vol/vol/vol). One-dimensional TLC was used to sep-
arate the simple lipid compounds. This system employed the same type of plate
used for the two-dimensional separation, with a hexane-diethyl ether-formic acid
(80:20:2, vol/vol/vol) solvent system. No effort was made to determine the mo-
lecular species present in the simple lipid classes detected. Proteins in the ECM
were subjected to polyacrylamide gel electrophoresis (21) and detected by silver
staining (45).
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FIG. 1. Photographs made with a microscope equipped with interference-contrast optics of a glass slide on which conidia of B. cinerea were allowed to germinate

and grow for 72 h (A) and the same slide after washing to remove the fungal mycelium (B). Note that the pattern of ECM left behind after washing mirrors that of
the mycelium but that the mycelium is completely absent.

Enzyme assays. The activities of several enzymes that have been suggested to
be involved in the infection process were examined by using modifications of
published methods. Table 1 outlines some of the conditions of the assays. ECM
was thoroughly dispersed in the assay solutions prior to the assay and, with the
exception of the assay for cellulase, was collected by centrifugation, dried, and
weighed after the assay. Polygalacturonase, pectin lyase, and cellulase were
assayed by the cyanoacetamide method (14, 19). Ethanol-washed polygalactu-
ronic acid (Sigma P3889) was used as a substrate for polygalacturonase, ethanol-
washed pectin (Sigma P9561) was the substrate for pectin lyase, and water-
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washed cellulose powder (Sigma C1184) was the substrate for cellulase. In
assaying cellulase, the reaction mixture was filtered (Millipore Ultrafree MC
filter unit) to remove particulate cellulose prior to the addition of cyanoacet-
amide. For this assay the ECM dry weight was assumed to be 54 pg, the average
weight of ECM obtained with the standard collection procedure.

Proteinase activity was evaluated by using azoalbumin as a substrate. After a
solution containing azoalbumin had been exposed to an ECM preparation, the
matrix was removed by filtration, and trichloroacetic acid was added. The
amount of dye remaining in solution after the precipitation of the albumin and

TABLE 1. Enzyme activity possessed by ECM of B. cinerea

Approximate minimum activity
detectable with commercial enzyme

Activity of ECM prep
(range with two assays)

Enzyme Tem, Assay
Zym Buffer . P duration
(reference) (°C) (h)
Cellulase (14) 0.05 M NaH,PO,-0.01 M citric acid 30 3
(pH 6.3)-0.05% (wt/vol) cellulose
powder-0.02% (wt/vol) sodium
azide
Esterase (6, 31, 34) 0.1 M Tris-HCI (pH 8)-3.7 mg of Tri- 25 1
ton X-100 per ml-0.42 mM p-nitro-
phenol butyrate-0.02% (wt/vol) so-
dium azide
Laccase (36) 50 mM citric acid (pH 3.5)-2.5 mM 37 2
2,6-dimethoxyphenol
Pectin lyase (14) 37.4 mM sodium acetate (pH 4.4)— 30 3
0.2% (wt/vol) pectin-0.02% (wt/vol)
sodium azide
Pectin methyl ester-  0.45 mM KH,PO, (pH 5.5)-0.4% (wt/ 25 24
ase (32) vol) pectin—-0.0015% (wt/vol) bromo-
cresol green—0.02% (wt/vol) sodium
azide
Polygalacturonase 37.4 mM sodium acetate (pH 4.4)— 30 3
(14, 19) 0.2% (wt/vol) polygalacturonic acid—
0.02% (wt/vol) sodium azide
Proteinase (38) 0.05 M KH,PO, (pH 6)-25 mg of azo- 30 1

albumin per ml-0.02% (wt/vol) so-
dium azide

3 X 102U (1 U = 1 wmol of reduc-
ing groups as glucose released per
min (cellulase; Sigma C1184)

No enzyme available; detection limit,
about 10™° pmol of p-nitrophenol
released per min

107° U (1 U = 1 pmol of reducing
groups as galacturonic acid released
per min) (pectin lyase; Sigma
P2804)

107° U (1 U = release of 1 peq of
protons as acetic acid equivalents
per min) (pectinesterase; Sigma
P1889)

5x107°U (1 U = 1 wmol of reduc-
ing groups as galacturonic acid re-
leased per min) (polygalacturonase;
Sigma P3429)

107* U (1 U = release of color [A ]
equivalent to 1 mg of azoalbumin
per min) (protease; Sigma P5147)

1X107°to3 X 10°° U per pg of
dry ECM with both heated and
unheated samples

1% 1077 to 4 X 1077 umol of p-ni-
trophenol released per pg of dry
ECM per min; heat inactivated.

5% 1077 to 9 X 1077 wmol of
3,3".,5,5'-tetramethoxy-diphenoqui-
none formed per min per pg of
dry ECM; heat inactivated

4 %X 1077 to 10 X 10”7 U per pg of
dry ECM

107> U per pg of dry ECM with
both heated and unheated samples

1X107°to2 X 10°° U per pg of
dry ECM; heat inactivated.

None detected
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FIG. 2. Photograph of silica gel thin-layer plate showing several simple lipid
components present in a lipid fraction (spotted on the left) from the ECM of
B. cinerea. The plate was developed in hexane-diethyl ether-formic acid (80:20:2,
vol/vol/vol), sprayed with methanol-H,SO, (1:1, vol/vol), and heated on an alumi-
num sheet to bring about charring. Abbreviations for marker compounds (spot-
ted on the right) are as follows: MP, monopalmitin; DP, dipalmitin; CA, cetyl
alcohol; PA, palmitic acid; TP, tripalmitin; OA-PE, oleic acid-palmitolyl ester.

removal of the precipitate by centrifugation was taken as a measure of proteinase
activity (38). Hydrolysis of p-nitrophenyl butyrate was assayed by spectrophoto-
metric measurement of the release of p-nitrophenol (6, 31, 34). Pectin methyl
esterase activity was evaluated by using absorbance changes of a solution of
bromocresol green with pectin (Sigma P9561) as the substrate (32). Finally, to
evaluate laccase activity of ECM preparations, the absorbance change caused by
dimerization of 2,6-dimethoxyphenol was measured (36).

In every case, except when laccase activity was evaluated, sodium azide (0.02%,
wt/vol) was included in the reaction buffer (azide is an inhibitor of laccase [36]).
In addition, with each analysis a parallel reaction was run with a boiled ECM
preparation. Commercial preparations of enzymes were used to test the assay
procedures, except for laccase and esterase, for which no commercial prepara-
tions were available.

RESULTS

As noted in an earlier study (8), the ECM, which was for-
merly referred to as the fungal sheath, cannot be dislodged
from glass slides even with vigorous washing. In contrast, fun-
gal mycelium is readily removed by this treatment. In those
cases where small traces of fungal mycelium remained on
slides after washing, it could easily be seen by interference
contrast optics (compare Fig. 1A and B) (8). Hence, the phys-
ical isolation of ECM from cytoplasm could be monitored
visually, and complete separation could be assured (see Dis-
cussion).

Sets of 18 5- by 7.5-cm glass microscope slides inoculated
with a conidial suspension of B. cinerea yielded, on average,
54.1 = 2.0 pg of dried ECM (mean =* standard error [SE] for
20 preparations). Inspections of slides before and after wash-
ing suggested complete removal of fungal mycelium (Fig. 1).
Several hundred micrograms of dried ECM, which was dark
brown, was used for the chemical analyses.

The carbohydrate content of the ECM was estimated to be
20.2% = 1.0% (mean = SE for five determinations). Of the
monosaccharides present in a hydrolysate prepared from the
matrix, glucose was most abundant (about 60%), with lesser
amounts of mannose (about 35%) and myo-inositol (about
5%) present. Arabinose, fucose, galactose, rhamnose, and ri-
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bose, as well as glucosamine and galactosamine, were not pres-
ent at detectable levels.

Based on weight loss occurring as a result of the extraction
of the ECM with chloroform-methanol (2:1, vol/vol), lipids
were estimated to comprise 6.2% = 1.1% (mean * SE for four
determinations) of the dry weight. When a total lipid extract of
the ECM was subjected to two-dimensional TLC, a single spot
characteristic in migration to simple lipids was observed (4).
Among the simple lipid classes tentatively identified by one-
dimensional TLC (4) were free fatty acid, mono- and triacyl-
glycerol, fatty alcohol, and wax ester (Fig. 2). No complex lipids
were detected. Migration of several components did not match
the migration of any of the marker compounds.

Proteins were estimated to make up 28.1% * 2.25% (mean *
SE for five determinations) of the dry weight of ECM. Poly-
acrylamide gel electrophoresis and silver staining (Fig. 3) re-
vealed a number of protein components, with two prominent
bands. The gels, which were run under denaturing conditions,
were not subjected to activity staining.

Phenolic compounds were not detected in a 70-ug sample of
ECM by a spectrophotometric method (35) in which 5 pg of
gallic acid yielded an absorbance (at 765 nm) of 0.098. The test
for phenolics was carried out because it was felt that the dark
color of the dried preparation could be imparted by phenolic
materials.

Taken together, carbohydrates, proteins, and lipids comprise
about 54% of the ECM dry weight. The matrix appears to be
quite hydrophilic, and it is possible that moisture taken up
from the air accounts for the missing weight.

Proteinase activity could not be detected with ECM prepa-
rations, and cellulase and pectin methyl esterase activities were
detected with both boiled and unheated preparations (Table
1). In two of three assays of pectin lyase, boiling failed to elim-
inate activity. In a third assay, a boiled sample of ECM was
inactive. Polygalacturonase, laccase, and esterase (p-nitrophe-
nyl butyrate-hydrolyzing) activities were readily demonstrated,
and activity was greatly reduced or absent with boiled prepa-
rations. Laccase activity was not detected in the presence of
sodium azide (36).

66 kD
‘ 45

29

FIG. 3. Photograph of a polyacrylamide gel that was silver stained to reveal
the proteins present in the ECM. The migration of molecular mass standards is
shown.
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DISCUSSION

The ECM secreted by germlings of B. cinerea is associated
with the germ tubes and appressoria but does not ensheath con-
idia (8). A similar pattern of secretion has been observed with
Colletotrichum lindemuthianum (28), another fungal pathogen
of plants. It is not known how widespread this pattern of se-
cretion of ECM is among germlings of plant pathogens, but,
clearly, other patterns (e.g., secretion upon hydration of coni-
dia [15]) do occur (24, 26).

As conidia of most B. cinerea isolates “are dependent on the
presence of nutrients” (12) for germination (11), it is possible
that ECM synthesis requires an exogenous supply of precursor
compounds. Cole et al. (5) reported that an extensive matrix
was formed by germlings of B. cinerea isolate P6g only when
glucose was available to the germinating conidia. Without glu-
cose, dry unwashed conidia formed only very short germ tubes
with much less ensheathing material (5). Isolate P6g was anom-
alous in not requiring exogenous nutrients for germination (11,
12). With the strain of B. cinerea (Bc-1) used in this study,
glucose alone was not sufficient to allow conidial germination.
However, with a complex, albeit dilute, source of nutrients,
such as 0.1X potato dextrose broth, nearly 100% germination
was observed.

Glucose is the principal monosaccharide present in hydro-
lysate of the carbohydrate portion of the ECM. Dubourdieu et
al. (10) characterized a B-(1-3)(1-6)-p-glucan that was secreted
into the culture medium by B. cinerea. Pielken et al. (30) re-
ported that a slightly modified form of the polymer, adherent
to fungal mycelia, was also produced by the fungus. It is pos-
sible that this adherent polymer comprises the bulk of the
carbohydrate fraction of the matrix. However, prolonged incu-
bation in a solution containing Novozym SP-116, a complex
of enzymes capable of catalyzing the hydrolysis of this glu-
can (30), did not cause detachment of fungal germlings from
a glass substrate. (Novozym SP-116 was kindly provided by
P. Stahmann.) Efforts to characterize the polysaccharide(s)
present in the ECM are under way.

Also detected in the ECM were several simple lipid com-
pounds. Complex lipids were not detected. Very little informa-
tion is available on lipids of Botrytis spp., but, in general, the
simple lipid classes present in the matrix have been reported to
occur in various structures of other fungi (44). Complex lipids
are universally present in eukaryotic cell membranes and thus
can be considered markers for the presence of fungal cyto-
plasm. Therefore, their absence in ECM preparations verified
the results inferred from microscopic examination: namely,
that washing resulted in the isolation of ECM from fungal
mycelium (see Results).

Kamoen (18) has suggested several possible roles for the
ECM produced by B. cinerea. Among these are involvement in
tropism toward the infection site, in preventing desiccation of
germlings, and in providing a matrix in which fungal toxins or
enzymes required for the infection process could be seques-
tered.

A number of enzymes are secreted into liquid culture by
B. cinerea, and some of these are thought to be involved in
infection (41). In particular, the cell wall-degrading enzymes,
including endo- and exo-polygalacturonases, pectin lyase, pec-
tin methyl esterase, and cellulase, have been studied. Polyga-
lacturonase activity was readily detectable in ECM prepara-
tions and was eliminated by boiling. Pectin methyl esterase,
pectin lyase, and cellulase activities were observed with both
boiled and unheated preparations. In other studies it was re-
ported that a cellulase from B. cinerea retained activity after
boiling (39) and that pectin methyl esterase exhibited activity
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at 80°C (32). The response of pectin lyase to heating has not
been reported.

Another enzyme thought by some to be important in the
infection process is cutinase (20). (However, see reference 40.)
Ungerminated conidia (13) of, and culture filtrate (34) from,
B. cinerea possess cutinase activity, and modifications of the
cuticle in the vicinity of the infection hypha (33) and at the site
of penetration (23) have been noted. Cutinase activity can best
be assayed by examining the hydrolysis of titrated cutin (20).
However, because this substrate is somewhat inconvenient to
prepare and use, many studies of cutinase activity use p-nitro-
phenyl esters of carboxylic acids, whose hydrolysis can be mea-
sured spectrophotometrically, as model substrates (20, 31, 34).
ECM preparations from B. cinerea were able to hydrolyze
p-nitrophenyl butyrate, suggesting that a cutinase could have
been present.

In contrast to the cell wall-degrading enzymes and cutinase,
which could be involved in breaching the physical barriers to
entry into the plant, the lignin-degrading enzyme, laccase, is
thought by some to play a role in protecting B. cinerea from
plant defense compounds (2, 29). Suppression of the synthesis
of laccase could increase the virulence of the pathogen toward
some hosts (2, 3), and Bar-Nun et al. (2) stated that laccase is
“a necessary but insufficient requirement for infection” by
B. cinerea. Relatively large amounts of laccase were secreted by
the fungus into the culture medium (36), and it was also read-
ily demonstrated in ECM by using 2,6-dimethoxyphenol as a
model substrate (36).

The ECM of B. cinerea is almost certainly involved in adhe-
sion of germlings to the host plant surface (7). Moreover, sev-
eral of the enzymes thought to play a role in the infection
process are, as suggested by Kamoen (18), present in the ma-
trix. The nature of the association of the enzymes with the
matrix is not known; however, it is noteworthy that detectable
levels of enzyme activity remain after ECM preparation, a
process that involves several steps where diffusion into water
could occur.

REFERENCES

1. Albersheim, P., D. J. Nevins, P. D. English, and A. Karr. 1967. A method for
analysis of sugars in plant cell wall polysaccharides by gas chromatography.
Carbohydr. Res. 5:340-345.
2. Bar-Nun, N,, A. Tal-Lev, E. Harel, and A. M. Mayer. 1988. Repression of
laccase formation in Botrytis cinerea and its possible relation to phytopatho-
genicity. Phytochemistry 27:2505.
3. Bar-Nun, N., and A. M. Mayer. 1990. Cucurbitacins protect cucumber tissue
against infection by Botrytis cinerea. Phytochemistry 29:787-791.
. Christie, W. W. 1973. Lipid analysis. Pergamon Press, London, England.
. Cole, L., F. M. Dewey, and C. W. Hawes. 1996. Infection mechanisms of
Botrytis species: pre-penetration and pre-infection processes of dry and wet
conidia. Mycol. Res. 100:277-286.
6. Dickman, M. B, S. S. Patil, and P. E. Kolattukudy. 1983. Effects of organ-
ophosphorus pesticides on cutinase activity and infection of papayas by
Colletotrichum gloeosporioides. Phytopathology 73:1209-1214.
7. Doss, R. P., S. W. Potter, G. A. Chastagner, and J. K. Christian. 1993.
Adhesion of nongerminated Botrytis cinerea conidia to several substrata.
Appl. Environ. Microbiol. 59:1786-1791.
8. Doss, R. P., S. W. Potter, A. H. Soeldner, J. K. Christian, and L. E. Fuku-
naga. 1995. Adhesion of germlings of Botrytis cinerea. Appl. Environ. Micro-
biol. 61:260-265.
9. Dubois, M., K. A. Gilles, J. K. Hamilton, P. A. Rebers, and F. Smith. 1956.
Colorimetric method for determination of sugars and related substances.
Anal. Chem. 28:350-356.
10. Dubourdieu, D., P. Ribereau-Gayon, and B. Fournet. 1981. Structure of the
extracellular B-D-glucan from Botrytis cinerea. Carbohydr. Res. 93:294-299.

11. Edlich, W., G. Lorenz, H. Lyr, E. Nega, and E.-H. Pommer. 1989. New
aspects on the infection mechanism of Botrytis cinerea Pers. Neth. J. Plant
Pathol. 95:53-62.

12. Elad, Y. 1996. Mechanisms involved in the biological control of Botrytis
cinerea incited diseases. Eur. J. Plant Pathol. 102:719-732.

13. Gindro, K., and R. Pezet. 1977. Evidence for a constitutive cytoplasmic
cutinase in ungerminated conidia of Botrytis cinerea Pers:Fr. FEMS Micro-
biol. Lett. 149:89-92.

TS



408

14.

15.

16.

17.

18.

19.
20.
21.
22.
23.

24.

25.

26.

27.

28.

29.

DOSS

Gross, K. C. 1982. A rapid and sensitive spectrometric method for assaying
polygalacturonase using 2-cyanoacetamide. HortScience 17:933-934.
Hamer, J. E., R. J. Howard, F. G. Chumley, and B. Valent. 1988. A mech-
anism for surface attachment in spores of a plant pathogenic fungus. Science
237:288-290.

Jarvis, W. R. 1977. Botryotinia and Botrytis species: taxonomy, physiology,
and pathogenicity. Monograph no. 15. Canadian Department of Agriculture,
Ottawa, Ontario, Canada.

Kamoen, O. 1989. Phytopathological role of secretions. Meded. Fac. Land-
bouwwet. Univer. Gent 54(2b):509-515.

Kamoen, O. 1992. Botrytis cinerea host pathogen interactions, p. 39-47. In K.
Verhoeff, N. E. Malathrakis, and B. Williamson (ed.), Recent advances on
Botrytis research. Proceedings of the 10th International Botrytis Symposium.,
Heraklion, Crete, Greece.

Knegt, E., E. Vermeer, and J. Bruinsma. 1988. Conversion of the polygalac-
turonase isoenzymes from ripening tomato fruits. Physiol. Plant. 72:108-114.
Kolattukudy, P. E. 1985. Enzymatic penetration of the plant cuticle by fungal
pathogens. Annu. Rev. Phytopathol. 23:223-250.

Laemmli, U. K. 1970. Cleavage of structural proteins during the assembly of
the head of bacteriophage T4. Nature (London) 227:680-685.

Layne, E. 1957. Spectrometric and turbidomentric methods for measuring
proteins. Methods Enzymol. 3:447-457.

McKeen, W. E. 1974. Mode of penetration of epidermal cell walls of Vicia
faba by Botiytis cinerea. Phytopathology 64:461-467.

Mendgen, K., M. Hahn, and H. Deising. 1996. Morphogenesis and mecha-
nisms of penetration by plant pathogenic fungi. Annu. Rev. Phytopathol. 34:
367-386.

Movahedi, S., and J. B. Heale. 1990. The roles of aspartic proteinase and
endo-pectin lyase enzymes in the primary stages of infection by different
isolates of Botrytis cinerea Pers ex. Pers. Physiol. Mol. Plant Pathol. 36:303—
324.

Nicholson, R. L. 1996. Adhesion of fungal propagules, p. 117-134. In M.
Nicole and V. Gianinazzi-Pearson (ed.), Ultrastructure and molecular cytol-
ogy of plant-microorganism interactions. Kluwer, Dordrecht, The Nether-
lands.

Nicholson, R. L., and H. Kunoh. 1995. Early interactions, adhesion, and es-
tablishment of the infection court by Erysiphe graminis. Can. J. Bot. 73
(Suppl.):S609-S615.

O’Connell, R. J., N. A. Pain, K. A. Hutchinson, G. L. Jones, and J. R. Green.
1996. Ultrastructure and composition of the cell surfaces of infection struc-
tures formed by the fungal plant pathogen Colletotrichum lindemuthianum.
J. Microsc. 181:204-212.

Pezet, R., V. Pont, and K. Hoang-Van. 1991. Evidence for oxidative detoxi-
fication of pterostilbene and resveratrol by a laccase-like stilbene oxidase
produced by Botrytis cinerea. Physiol. Mol. Plant Pathol. 39:441-450.

30.

31

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

APPL. ENVIRON. MICROBIOL.

Pielken, P., P. Stahmann, and H. Sahm. 1990. Increase in glucan formation
by Botrytis cinerea and analysis of adherent glucan. Appl. Microbiol. Bio-
technol. 33:1-6.

Purdy, R. E., and P. E. Kolattukudy. 1973. Depolymerization of a hydroxy
fatty acid biopolymer, cutin, by an extracellular enzyme from Fusarium solani
f pisi: isolation and some properties of the enzyme. Arch. Biochem. Biophys.
159:61-69.

Reignault, P., M. Mercier, G. Bompeix, and M. Boccara. 1994. Pectin meth-
ylesterase from Botrytis cinerea: physiological, biochemical and immunolog-
ical studies. Microbiology 140:3249-3255.

Rijkenberg, F. H. J., G. T. N. deLeeuw, and K. Verhoeff. 1980. Light and
electron microscopical studies on the infection of tomato fruits by Botrytis
cinerea. Can. J. Bot. 58:1394-1404.

Salinas, J., F. Warnaar, and K. Verhoeff. 1986. Production of cutin hydro-
lyzing enzymes by Botrytis cinerea in vitro. J. Phytopathol. 116:299-307.
Singleton, V. L., and J. A. Rossi, Jr. 1965. Colorimetry of total phenolices
with phosphomolybdic-phosphotungstic acid reagents. Am. J. Enol. Vitic. 16:
144-158.

Slomczynski, D., J. P. Nakas, and S. W. Tanenbaum. 1995. Production and
characterization of laccase from Botrytis cinerea 61-34. Appl. Environ. Mi-
crobiol. 61:907-912.

Tobias, R., W. Conway, and C. Sams. 1993. Polygalacturonase isozymes from
Botrytis cinerea grown on apple pectin. Biochem. Mol. Biol. Int. 30:829-837.
Tomarelli, R. M., J. Charney, and M. L. Harding. 1949. The use of azoalbu-
min as a substrate in the colorimetric determination of peptic and tryptic
activity. J. Lab. Clin. Med. 34:428-433.

Touzani, A., and B. Doneéche. 1996. Production et propriétés du complexe
cellulasique du Botrytis cinerea. Can. J. Bot. 74:489-491.

van Kan, J. A. L., J. W. van’t Klooster, C. A. M. Wagemakers, D. C. T. Dees,
and C. J. B. van-der Vlugt-Bergmans. 1997. Cutinase A of Botrytis cinerea is
expressed, but not essential, during penetration of gerbera and tomato. Mol.
Plant-Microbe Interact. 10:30-38.

Verhoeff, K. 1980. The infection process and host-pathogen interactions,
p. 153-180. In J. R. Coley-Smith, K. Verhoeff, and W. R. Jarvis (ed.), The
biology of Botrytis. Academic Press. London, England.

Verhoeff, K., and J. M. Waaren. 1977. In vitro and in vivo production of cell
wall degrading enzymes by Botrytis cinerea from tomato. Neth. J. Plant
Pathol. 78:179-185.

Viterbo, A., B. Yagen, and A. M. Mayer. 1993. Cucurbitacins, ‘attack’ en-
zymes and laccase in Botrytis cinerea. Phytochemistry 32:61-65.

Weete, J. D. 1980. Lipid biochemistry of fungi and other organisms. Plenum
Press, New York, N.Y.

Wray, W., T. Boulikas, V. P. Wray, and R. Hancock. 1981. Silver staining of
proteins in polyacrylamide gels. Anal. Biochem. 118:197-203.



